INTRODUCTION
Brucella spp. are mainly transmitted to humans through direct contact with infected animals, laboratory accidents or ingestion of contaminated dairy products. Airborne transmission has been considered a risk because of its use as a biological weapon (Yagupsky & Baron, 2005) . However, consumption of inadequately pasteurized dairy products is the most common mode of transmission, especially via milk, soft cheese, butter and ice cream. Hard cheese, yoghurt and buttermilk are less hazardous since both propanoic acid and lactic acid fermentation take place (Pappas et al., 2005) . Fresh cheese home-made by small scale local producers has been demonstrated to be an important route of transmission and a risk for public health (Mendez Martinez et al., 2003; Castell Monsalve et al., 1996) . Such soft cheese is prepared by a method that does not kill the Brucella, which may persist in the finished product for up to 1.5 months in conditions of low acidity and temperatures between 11 and 14 u C (Elberg, 1981) or for 48-72 h at 37 u C (Corbel, 2006) . This particular type of production is generally not covered by normal sanitary controls. The epidemiological importance is further enhanced by the fact that there is often a demand for such cheeses from the general public in other towns who develop a taste for them.
Recently, variable number of tandem repeat (VNTR)-based typing schemes have been described demonstrating the utility of the technique as applied to the genus Brucella (Bricker et al., 2003) . Following this investigation, a number of different VNTR typing schemes were reported (Whatmore, 2009 ) that could be used for traceback analysis, to identify the origin of infections and/or to recognize human outbreaks that relate to a common source. On the basis of the more variable loci, these assays could also discriminate isolates originating from restricted geographical sources, indicating its potential as an epidemiological tool.
We present data on two brucellosis outbreaks that occurred in families infected after consumption of fresh home-made cheese bought in different Argentine provinces. We discuss the characteristics of the infection, patient history and the epidemiological tracing of Brucella transmissions. These outbreaks elicit many questions about the sanitary controls for food products and education campaigns for the general public in order to limit the risk of infection.
METHODS
Index case family A. In August 2006 a 6-year-old girl, with a 3 month history of hip and knee arthralgias, was diagnosed as having Perthes' disease and this was followed up by the Orthopaedic Service of the Paediatric Hospital Dr R. Gutierrez, Buenos Aires. After 15 days of fever (39-40 uC) she was admitted to the Department of Infectology. The results of a physical examination were normal except for pain at the right hypocondrium. On admission, laboratory tests showed mild anaemia, a total leukocyte level of 10.4 cells ml
21
, haematuria and an increase in inflammatory markers glutamic pyruvic transaminase, glutamic oxaloacetic transaminase and alkaline phosphatase. Cytomegalovirus, Epstein-Barr virus, toxoplasmosis, and hepatitis A and B serology tests were negative.
Because brucellosis was suspected, a serum agglutination test, competitive ELISA and blood culture were performed. Her paternal uncle had been seen in the emergency room of another hospital after 2 weeks of fever and arthralgias in April. He was diagnosed with brucellosis, as was her paternal grandfather who in June had experienced 2 months of arthralgias, fever and sweating. Her maternal uncle complained of severe pain in his right knee and hip, had difficulty in walking and bending, and was admitted with brucellosis to another hospital in September. When the five members of the family were screened for brucellosis, only the girl's mother tested negative.
Index case family B. In March 2006, a 17-year-old boy was hospitalized in the intensive therapy unit of the Hospital 'Dr Cosme Argerich' with septic shock and acute liver failure, and was evaluated for liver transplantation. He had a 2 month history of abdominal pain, fever and night sweats. On admission, he had sensorial disorders, fever, jaundice and hepatosplenomegaly. His vital signs were blood pressure of 130/80 mmHg, axillary temperature of 39 uC and acid-base results pH 7.47, pCO 2 31 mmHg, pO 2 112 mmHg, HCO 3 22.5 mEq l
(mmol l 21 ). A computed tomography (CT) brain scan was normal, but chest X-rays and CT showed bilateral and diffuse opacities. He was treated with 1 g amikacin daily and 2 g cefepime every 8 h. Fever, asthenia, myalgias, jaundice, low weight and headache persisted, and 18 days later a Gram-negative coccobacillus was isolated from the blood culture. Brucellosis was suspected and serological tests were performed. Because the patient tested positive the whole family was screened in a search for additional cases. His mother, approximately 40 years old, reported fever, severe abdominal pain and vomiting with a duration of over 1 month from the same date, while his two brothers, aged 16 and 14, and his sister, aged 19, had had fever, night sweats, headache, asthenia and abdominal pain as main symptoms and mild arthralgias. They tested positive, whereas his father tested negative.
Epidemiological data. Given these findings, patients were questioned about exposure to animals, consumption of the same contaminated food or travel to brucellosis endemic areas of the country. One family lived in the urban area of Buenos Aires and the other in San Juan province. The index-case patient of the first group and her family had eaten goat cheese, presumptively made from unpasteurized raw milk, bought by her paternal uncle at a farmhouse located in Catamarca province. The index-case patient from the second family had eaten homemade goat cheese bought in San Juan province and had shared it with his family.
Case definition. Case definition was considered probable (CDC, 1997) when a clinically compatible case was epidemiologically linked to a confirmed case or had supportive serology (i.e. a Brucella agglutination titre greater than or equal to 1 : 160 in one or more serum specimens taken after the onset of symptoms) and when the clinically compatible case was confirmed by the laboratory.
Patient cultures. For blood cultures and cerebrospinal fluid routine isolation techniques in commercial liquid medium Hemo-Brucella (Britania), an in-house medium prepared in this laboratory containing BBL Brucella broth, 2.5 % sodium citrate and 3 % equine serum, or automated BacT/ALERT blood culture systems were used.
Microbiological methods. Colony morphology was studied by direct observation, acriflavine test and staining of colonies with crystal violet (Corbel & Banai, 2005; Alton et al., 1988; Osterman & Moriyó n, 2006) . The strains isolated from patients were identified and typed by classical methods including: CO 2 requirement; agglutination pattern with monospecific anti-A, anti-M and anti-R sera; urease test; production of H 2 S; growth on dyes; erythritol, streptomycin and penicillin sensitivity; and lysis by Tb and R/C phages. Procedures described elsewhere were followed and typed Brucella strains of each species were included in all tests as controls.
VNTR typing. In order to confirm that the outbreaks had a common source, VNTR analysis was performed as described previously (Whatmore et al., 2006) . The relationships between isolates were examined by cluster analysis using the categorical coefficient and UPGMA implemented in Bionumerics version 5.1 (Applied Maths). Profiles of type strains were included as controls: Brucella melitensis biovar 1, 16M; B. melitensis biovar 2, 63/9; B. melitensis biovar 3, Ether; and vaccine strain, B. melitensis Rev.1.
Serological tests. The buffered plate agglutination test, Rose Bengal test, standard tube agglutination test and complement fixation were performed (Lucero & Bolpe, 1998) using antigens prepared at ANLIS 'Dr C. G. Malbrán' with Brucella abortus 1119-3 strain. Competitive ELISA was performed as previously reported (Lucero et al., 1999) , the antigen (S-LPS from B. abortus 1119-3) and the mAb were standardized and supplied by the Brucellosis Centre of Expertise and OIE (Office International des Epizooties) Reference Laboratory, Animal Diseases Research Institute, Canada. The test is considered positive when the percentage inhibition is .28.
Therapy. The index case of family A was placed at first on 10 mg (trimethoprim)/50 mg (sulfamethoxazole) TMS kg 21 daily and 20 mg rifampicin kg 21 daily. Seven days later, due to TMS intolerance, the treatment was suspended and 48 h afterwards treatment was continued using 20 mg rifampicin kg 21 daily, with 7 mg gentamicin kg 21 daily added for 7 days. The total therapy lasted for 45 days. The index case of family B began with 300 mg rifampicin every 8 h, 100 mg doxycycline every 12 h and 160 mg (trimethoprim)/800 mg (sulfamethoxazole) TMS every 8 h for 8 weeks.
During this period of treatment the patients from family A received different schedules of antibiotics, but most of the cases received 1 g intramuscular streptomycin for 15 days and 100 mg oral doxycycline twice daily for 45 days. Case 4 in family A and all patients in family B were treated with 100 mg doxycycline every 12 h and 300 mg rifampicin every 8 h for 8 weeks.
RESULTS AND DISCUSSION

Clinical presentation, serological findings and treatment
The index case and members of family A had fever, arthralgias and osteoarticular pains as main symptoms. One member of this group presented deformity in the knuckle joints of the right fingers, and arthralgias in left knee and elbow, with activity limitations of difficulty in walking, bending and standing. The main symptom of index case from family B was severe hepatic insufficiency, and members of his family had fever, asthenia, disorders triggering nausea, vomiting, abdominal discomfort and mild arthralgias (Table 1) . Serological results of family A showed that the index case and case 1 and 3 had low titres 2 years after admission, while in family B only the index case presented persistent titres (data not shown). We observed the importance of adequate treatment in early stages of the disease, and combination therapy and extended treatment for 6 weeks or longer yielded significantly better results and minor relapses than shorter courses (Ariza et al., 2007) . During the 2 year follow-up period, no signs or symptoms of relapse were detected in the child or the 6 adults (A/1, A/3, B/5-6, B/8-9). Case 4 in family A and index case in family B presented high levels of antibodies 23 and 28 months after admission, respectively, whereas physical examinations were normal. The time lapse between the appearance of the index case and the secondary cases in each family could not be established because the symptoms, osteoarticular disorders and severe hepatic sepsis, confused the diagnosis, so that this infection was not suspected at first.
Bacteriology
By conventional bacteriological methods Brucella was isolated from the blood of eight out of nine patients (three from members of family A and five from family B) and all strains were identified as B. melitensis biovar 1 (Alton et al., 1988; Corbel & Banai, 2005; Osterman & Moriyó n, 2006) . In Argentina the population of nearly 4 million goats is concentrated mainly in the provinces located in the northwest of the country. Recent surveys revealed a 0.5-0.8 % prevalence of brucellosis, and B. melitensis biovar 1 was isolated from infected goats (Samartino, 2002) . The use of Rev.1 vaccine to control goat infection was authorized at the end of (SENASA, 2006 . Although the true incidence of human infection is unknown, the isolation of strains from humans reflects its presence in the animal population.
Molecular typing
Brucella species are characterized by a high level of nucleotide similarity, although they vary widely in host tropisms, microbial and disease phenotypes, and pathogenicity. For many years the development of molecular typing tools was hampered by this lack of diversity, but gradual progress has been made in identifying useful tools (Whatmore, 2009) . Multilocus VNTR analysis has proven useful to discriminate very limited genomic diversity within genetically conserved bacterial species. When applied to isolates obtained in this study VNTR analysis confirmed the epidemiological link between isolates within each of the two familial clusters. Isolates from the two family groups comprised two very distinct genetic clusters with only very minor differences apparent within family groups (Fig. 1) and genotypic profiles were shown to be very distinct from those of reference B. melitensis isolates.
These findings highlight the potential value of VNTR-based typing when applied to Brucella to confirm epidemiological linkages and to allow traceback to identify sources of infection. This is particularly valuable for an organism where until recently epidemiological linkage was reliant on only very crude tools such as biotyping. Unfortunately, in the cases described here, there were no longer samples of cheese available that would allow categorical linkage of the outbreaks with the suspected source of infection. However, the clear discrimination between the two groups of B. melitensis biovar 1 isolates from distinct families, and from B. melitensis reference strains, highlights how such matching would be possible given the appropriate samples. These findings are consistent with recent studies that have shown substantial heterogeneity in VNTR profiles even within restricted areas of endemicity (e.g. Marianelli et al., 2007; Smits et al., 2009; Kang et al., 2009) and have demonstrated the value of VNTR in the recognition of human outbreaks that relate to a common source (Valdezate et al., 2007; Al Dahouk et al., 2007; Kattar et al., 2008) or to confirm relapse (Al Dahouk et al., 2005) .
Measuring genetic diversity within a population is of particular importance because it may reflect differences in (Akritidis & Pappas, 2001 ) and it could be argued in these cases that different clinical findings might be due to familial genetic backgrounds or are simply coincidental rather than reflecting variations in the virulence of B. melitensis strains. It is thought that host susceptibility to brucellosis is linked to host genetics (Bravo et al., 2003 (Bravo et al., , 2007 (Bravo et al., , 2008 Budak et al., 2007) . However, differences in the pathogenic processes associated with different Brucella isolates have been reported. For example, Troy et al. (2005) reported a high rate of bone and joint infections in patients infected with B. abortus, while patients infected with B. melitensis had a higher rate of hepatosplenomegaly complications. More recently intriguing evidence has been provided that susceptibility to specific B. melitensis multilocus VNTR analysis genotypes in Peru may be age related and that specific genotypes may be more frequently isolated from patients presenting with specific clinical conditions such as splenomegaly and hepatomegaly (Nöckler et al., 2009) .
Conclusion
In this report we highlight several important aspects concerning recognition and reporting of persons with brucellosis due to goat cheese consumption and recommendations concerning treatment and follow up. The hypothesis that there may be species-specific or clonespecific differences in the virulence of the genus Brucella should be investigated. Forthcoming genome sequencing projects, which with the benefit of technological advances will enable full characterization of large numbers of isolates, will be useful in examining such hypotheses. The risk of foodborne transmission of this zoonotic disease and its prevention should be considered. Fig. 1 . Relationships between isolates from the two outbreaks as determined by VNTR analysis (Whatmore et al., 2006) . Profiles obtained from the three B. melitensis biovar reference strains and vaccine strain Rev.1 are included for comparison. In the case of mixed allele signals, which were apparent in four cases (Hoofprint 1, F6/09-5, minor peak59; Hoofprint 1, F6/09-3 minor peak58; Hoofprint 5, F6/09-8, minor peak57; Hoofprint 7, F6/09-4, minor peak54), the dominant allele is presented here.
